The spatial order present in the fluid is visible directly in S(k). Figure 2 is a plot of the maximum height of the main structure-factor peak as a function of the temperature at fixed density for the two densities p= 150.3 and 162.5 kg/m'. This maximum height, S ", is seen to reach a maximum in the vicinity of T~and decrease on each side. In cooling a fluid one generally expects an increase in spatial order because of the decreased thermal motion of the atoms. Thus, the structure-factor peak should sharpen as the temperature is lowered. The data are consistent with both an increase in the peak height and a sharpening of the peak as the temperature is reduced.
However, as the temperature is lowered below T at constant density we observe a reduction in height and an increase in width of the peak, i.e. , a loss of spatial order.
Fourier transformation of the data results in the pair correlation function g(r) . This quantity is the real-space measure of the spatial order in the fluid. In Fig. 3(a) Fig. 3(a) , we show the difference g(r, T = 2.2 K) -g(r, T = l.67 K) in Fig. 3(b) . Fig. 4(a) for data taken at saturated vapor pressure and with T-= 1.67 K and 7'' = 2.20 K. Since Eq. (1) becomes very sensitive to slight irregularities in the Fourier transform of S(0) in the vicinity of g(x) = 1, the singularities which result should be ignored in favor of the more regular behavior encountered between the zeros of g(r, T') -1. For the case shown the condensate fraction has the value =(9+3)%%. In Fig. 4 Phys. Rev. 188, 291 (1969) .
This procedure consists of drawing a smooth curve through the data points. The resulting curve is digitized and then interpolated to provide the regularity and point density necessary for a Fourier transform. The basic hypothesis of Hyland, Rowlands, and Cummings" is that the temperature variations of g(r) at large r for superfluid 'He are caused primarily by atoms condensing into the zero-momentum state where they no longer contribute to the spatial correlations of the atoms which give rise to the oscillations in g(r). On the basis of ad hoc, although physically resonable, assumptions they then obtain where g(r) and n, refer to some temperature below Tq, and g*(r) refers to a temperature T* just above Tq. The quantity g(~) -1, which is a measure of the spatial correlations, is thus proportional to (1 -n, )', the normalized probability that the two atoms are not in the condensate. A necessary condition for the validity of (1) is that r &ra, where ro is the value above which the oneparticle density matrix effectively attains its asymptotic limit, no.
There have been two previous attempts to determine no from Eq. (1). Cummings, Hyland, and Rowlands" found from existing x-ray results that n, =0.1 at T=1.4 K with an uncertainty of a factor of 2 or 3. Later, Ravechd' and Mountain" used neutron-diffraction results for pressurized liquid 4He to obtain values of 0.1 at T=1.86 K
